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The time that children spend using digital devices is increasing rapidly with the development
of new portable and instantly accessible technology, such as smartphones and digital tab-
lets. Although prior studies have examined the effects of traditional media on children’s
development, there is limited evidence on the impact of mobile device use. The current
study aimed to clarify the link between mobile device use and child adjustment. The sample
included 1,642 children aged 6 in first grade at elementary schools in Japan. Parents com-
pleted a self-report questionnaire regarding their children’s use of mobile devices and emo-
tional/behavioral adjustment. We performed inverse probability of treatment weighted
(IPTW) logistic regression to compute odds ratios (OR) for emotional/behavioral problems
according to mobile device use. The values for IPTW analysis were computed based on var-
iables assessing sociodemographics and child characteristics. Among the participants, 230
(14.0%) were regular users (60 minutes or more on a typical day) and 1,412 (86.0%) non-
regular users (under 60 minutes on a typical day). Relative to non-regular use, regular use
of mobile devices was significantly linked to conduct problems (IPTW-OR: 1.77, 95% CI:
[1.03–3.04], p < .05) and hyperactivity/inattention (IPTW-OR: 1.82, 95% CI: [1.15–2.87], p <
.01). Based on these results, routine and frequent use of mobile devices appear to be asso-
ciated with behavioral problems in childhood.
Introduction
The time that children spend using digital devices is increasing rapidly with the development
of new portable and instantly accessible technology, such as smartphones and digital tablets.
Furthermore, with the dramatically rapid development of media games, learning packages,
and educational applications for young children, opportunities for using mobile devices have
been growing, children’s usage time has become increasingly longer, and child target users of
mobile devices are becoming younger [1,2,3,4]. In Japan, the amount of time that children
spend using mobile devices has also increased dramatically. A recent survey found that,
according to the Japan Ministry of Education, the proportion of children using mobile devices
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for over an average of 1 hour per day was 15% among elementary schoolers and 48% among
junior high schoolers [5]. Children can use mobile devices anytime and anywhere for various
purposes, such as playing games, doing schoolwork, chatting with friends, and surfing the
internet. From traditional media like television and video games to new media including not
only home computers but also mobile devices, such as smartphones and digital tablets, media
are an increasingly dominant force in children’s lives [4,6]. Media devices are expected to play
an increasing role in daily life, even among young children. The increasing amount of time
that children spend using mobile devices has raised concerns about the influence of digital
technology use on the health of developing children.
Several studies have suggested that the impact of computer use on children’s development
can be positive or negative, depending on the context of use. While computer use can be posi-
tively related to cognitive and academic skills [7–11], it can be negatively related to social and
psychological development. For example, frequent computer use increases children’s social
isolation, robs children of time for social activities with others, and interferes with social devel-
opment [12,13]. In addition, frequent computer use may increase children’s social isolation
resulting in depression and loneliness [14,15]. Furthermore, time spent using media (including
both traditional and new media), can displace time used for quality parent-child interaction,
such as sharing enriching experiences and activities Thus, increased media exposure is likely
to be associated with reduced parent–child interaction, including shared reading and playing
together with toys, which reduces opportunities for verbal interaction with parents [16,17,18].
Many studies have suggested that the reduced parent–child verbal interactions is associated
with negative developmental outcomes, including language development, self-regulation and
later academic achievement [19,20,21,22]. Similarly, time spent using media can reduce the
time children spend playing with peers. Playing is an important element of childhood, which
supports the development of problem-solving skills and creative expression [23]. As frequent
media use is likely to reduce children’s playtime with peers and engaging in creative play, it is
likely to interfere with the development of such skills [24,25]. Further, screen time through
media use is likely to affect children’s behavior and capacity to pay attention through several
mechanisms, as it may lead to sleep disturbances, which can adversely impact development.
Media use at bedtime has been associated with increased autonomic activation due to hyper-
arousal, or disrupted melatonin production due to brightly lit screens [26,27]. Repeated expo-
sure to violence and aggression through computer use (e.g., playing violent games or viewing
violent media programs) can lead to aggressive and violent behavior [12,28]. Exposure to vio-
lent media also tends to increase anxiety and fear, as well as the acceptance of violence as an
appropriate means for solving conflicts. Finally, children with higher levels of media use,
including the computer and television, tend to be less physically active due to the sedentary
nature of media use, increasing the risk of obesity [29,30,31].
Importantly, there are possibilities for bidirectional interactions between specific child
characteristics and media use [32]. Children who may be considered more “difficult” are likely
to be particularly vulnerable to increased exposure to media; for instance, children who have
attentional problems may very well be attracted to technology because of the constant stimula-
tion it provides [33,34,35,36].
As described above, although prior studies suggest that computer use, including home and
school use, can impact on children’s development, there is limited evidence on the impact of
portable and instantly accessible mobile devices, such as smartphones and tablets on child
development. Mobile technology is relatively new and much of the gathered evidence is
unclear or inconsistent. Mobile devices are replacing desktop computers, and their uses are
highly diverse, including access to internet, games, applications, learning, online communica-
tion, and social networking sites. Therefore, in a rapidly changing era of digital technology, it
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is possible that using mobile devices like smartphones and tablets has a different impact on
child adjustment compared with traditional media. In addition, early childhood is a pivotal
period in various areas of development. Previous research has indicated that the preschool and
early school years are a sensitive period for the acquisition of social competences and related
abilities associated to social adjustment [37,38,39]. Therefore, the first year in elementary
school (i.e., the transition period from preschool to elementary school) is an important devel-
opmental period during which children are expected to acquire prosocial abilities that will pre-
pare them for social and emotional success. Therefore, the current study aimed to clarify the
association between the use of mobile devices, such as smartphones and tablets, and emotional
and behavioral problems in first-grade elementary school children.
Materials and methods
Participants
The present research was part of a longitudinal study examining the effects of the child-rearing
environment on children’s social development and adjustment. Participants were all preschool
children (N = 5,024) aged 5 years, recruited from in 52 kindergartens and 78 nursery schools
in Nagoya city, a major urban area in Japan, in 2014. A total of 3,314 parents of preschool chil-
dren provided written informed consent and agreed to participate at baseline in 2014. We plan
to conduct a survey every year to follow up children from preschool to junior high school.
The current research took place in 2015, and self-report questionnaires were provided to
the parents of 6-year-old children (N = 3,268) who were in first grade of elementary school (47
children had relocated). Children’s parents (N = 1,787) completed the questionnaires. Com-
paring the non-returning participants with the returning participants on demographic fea-
tures, the non-returning participants tended to have relatively lower SES (i.e., family income,
parental education level, and parental employment status) than did returning participants,
meaning that there was a lower response rate of individuals with low SES compared to high
SES (see S1 Table).
In the present study, in order to accurately clarify the association between mobile device
use and child adjustment, children diagnosed with developmental problems and those whose
parents did not return complete questionnaires were excluded from the analysis. For inclusion
in the study, parents did not need to be the target child’s biological parents; however, they did
need to reside with the child. Of the 1,787 children, 1,642 (91.9%) met the inclusion criteria.
Ethics statement
Children’s parents were informed of the study purpose and procedures, and were made aware
that they were not obligated to participate. The parents provided their written informed con-
sent on behalf of their children prior to participating in this research. Ethical approval for this
study was obtained from Kyoto University Ethics Committee (E2322).
Measures
Outcome variable: Child adjustment. The Strengths and Difficulties Questionnaire
(SDQ) is a 25-item measure of parents’ perceptions of their children’s prosocial and difficult
behaviors [40]. The measure is categorized into five subscales: conduct problems (five items),
hyperactivity/inattention (five items), emotional symptoms (five items), peer problems (five
items), and prosocial behavior (five items). In the present study, the conduct problems, hyper-
activity/inattention, emotional symptoms, and peer problems subscales were used to assess
children’s emotional and behavioral problems. Items were rated on a 3-point Likert scale
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ranging from 0 (Not true) to 2 (Certainly true). The scale’s internal consistency and construct
validity have been reported as adequate [41,42,43]. In the present study, Cronbach’s α coeffi-
cient for the SDQ ranged from .52 to .77 for the individual scales (conduct problems, 0.52;
hyperactivity/inattention, 0.77; emotional symptoms, 0.68; peer problems, 0.61).
Considering the cut-off point for the Japanese version of the SDQ, we categorized partici-
pants into normal, borderline, and abnormal (or clinical) groups [43]. According to the cut-off
score, the sample was categorized into an abnormal group when scoring above the 90th per-
centile (approximately 10%), a borderline group when scoring between the 80th and 90th per-
centile (approximately 10%), and a normal group when scoring below the 80th percentile
(approximately 80%). However, to run the logistic regression with a bivariate outcome, we
considered both the borderline and normal groups as the normal group.
Explanatory variable: Mobile device use. The explanatory variable in this study was chil-
dren’s regular use of mobile devices, such as smartphones and tablets. Children’s use of mobile
devices was assessed through average use time (in minutes) on a typical day. In this study,
among 1,642 participants, 1,010 (61.5%) were non-users, 402 (24.5%) used devices less than 60
minutes on a typical day, and 230 (14.0%) used devices 60 minutes or more on a typical day. In
terms of emotional/behavioral problems, users spending 60 minutes or more a day had signifi-
cantly more problems/symptoms (i.e., conduct problems, hyperactivity/inattention, and emo-
tional symptoms) compared to non-users or users spending less than 60 minutes a day (see Fig
1). Prior to selecting the cut-off point of 60 minutes, three different cut-off points (60 minutes,
90 minutes, and 120 minutes) had been considered. In order to identify the best cut-off points,
we examined the sensitivity and specificity among the three possible cut-off points. The best
cut-off point was 60 minutes, as it was characterized by highest combination of sensitivity and
specificity among the three (see S2 Table). Therefore, in this study, when we ran a logistic
Fig 1. Mobile device use and emotional/behavioral problems (N = 1,642). † p< .10,  p< .05,  p< .01,  p< .001.
https://doi.org/10.1371/journal.pone.0199959.g001
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regression with a bivariate explanatory variable, children using mobile devices less than an
average of 60 minutes on a typical day were deemed to be “non-regular users,” and those with
an average over 60 minutes on a typical day were considered “regular users”.
Covariates. Potential confounding variables were selected as covariates due to the differ-
ential chances of using mobile devices. Demographic variables included sex, presence of
parents (two-parent family or single-parent family), and presence of siblings (presence or no
presence of siblings). Socioeconomic status indicators included annual equalized household
income (JPY) (less than 3 million JPY [approximately 30,000 USD], 3–6 million JPY [approxi-
mately 60,000 USD], 6–9 million JPY [approximately 90,000 USD], or 9 million JPY and
more), maternal and paternal educational attainment (compulsory education [9 years], upper
secondary school [10–12 years], up to 4 years at college/university [13–15 years], or more than
4 years at college/university [over 15 years]) and maternal and paternal employment status
(employed [full-time], employed [part-time], or unemployed/homemaker). Parent/child inter-
actions were measured through parent-report questionnaires that were collected during a 2015
survey. On this survey, parents were asked to report, in minutes, the average amount of time
spent by both the mother and father talking or playing with children on a typical day. This var-
iable was dichotomized into two group: parent/child interactions that lasted less than an aver-
age of 60 minutes a typical day and parent/child interactions that averaged over 60 minutes on
a typical day. Past child temperament included children’s emotional/behavioral problems at
preschool calculated using SDQ score at baseline in 2014 (normal/borderline group or abnor-
mal group).
Statistical analyses
First, mobile device use was evaluated according to children’s characteristics. Second, to
address potential selection bias attributable to the differential chances of using mobile devices,
a propensity score approach was used. The propensity score was calculated using variables sup-
posed to potentially affect the use of mobile devices: sex, family composition (presence of
parents and siblings), annual equalized household income, maternal and paternal educational
attainment, maternal and paternal employment status, maternal and paternal average spend-
ing time of talking or playing with children, and children’s emotional/behavioral problems at
preschool. Inverse probability of treatment weighted (IPTW) logistic regression analysis was
then performed; the inverse of the propensity score was incorporated to the weighted logistic
regression models to compute odds rate ratios (OR) for emotional/behavioral problems
according to use mobile devices. This approach is an alternative to implementing propensity
score matching to statistically balance confounding variables in non-randomized studies [44].
As several studies have suggested adverse impacts of non-educational media exposure on child
development [45,46], we calculated the OR for emotional/behavioral problems based on
whether or not children were using media for educational purposes, by performing logistic
regressions as additional analyses. To estimate the effect of using media for educational pur-
poses, we used explanatory variables categorized into “non-regular users,” “regular users
including educational purposes,” and “regular users not including educational purposes.”
These results are shown in Supporting Information (see S3 Table, S4 Table, S5 Table, and S6
Table). All statistical analyses were conducted using SPSS version 23.0.
Results
Study population
Results are shown regarding mobile device use and emotional/behavioral problems (Fig 1),
and participant characteristics (Table 1). Users spending 60 minutes or more a day were
Mobile technology use and child adjustment
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Table 1. Participant characteristics (N = 1,642).
Non-regular users




(60 minutes or more a
day)
n = 230
n % n % n % p -value
Sex
Female 801 48.8 712 50.4 89 38.7 .001
Male 841 51.2 700 49.6 141 61.3
Presence of parents
Two-parent family 1514 92.2 1302 92.2 212 92.2 .985
Single-parent family 128 7.8 110 7.8 18 7.8
Presence of siblings
Yes 1370 83.4 1180 83.6 190 82.6 .716
No 272 16.6 232 16.4 40 17.4
Annual household income (in millions of JPY)
 9 276 17.3 242 17.6 34 15.2 .026
6–9 458 28.6 406 29.5 52 23.2
3–6 704 44.0 599 43.5 105 46.9
< 3 162 10.1 129 9.4 33 14.7
Maternal education level
More than 4 years at college/university 526 32.4 471 33.7 55 24.2 < .001
Up to 4 years at college/university 674 41.5 586 41.9 88 38.8
Upper secondary school 385 23.7 312 22.3 73 32.2
Compulsory education 40 2.5 29 2.1 11 4.8
Paternal education level
More than 4 years at college/university 878 56.0 772 57.3 106 47.7 < .001
Up to 4 years at college/university 233 14.9 200 14.8 33 14.9
Upper secondary school 381 24.3 323 24.0 58 26.1
Compulsory education 77 4.9 52 3.9 25 11.3
Maternal employment status
Employed (full-time) 415 25.8 359 26.0 56 24.8 .485
Employed (part-time) 542 33.7 458 33.1 84 37.2
Unemployed/homemaker 652 40.5 566 40.9 86 38.1
Paternal employment status
Employed (full-time) 1527 98.0 1311 98.1 216 97.7 .821
Employed (part-time) 27 1.7 23 1.7 4 1.8
Unemployed/homemaker 4 .3 3 .2 1 .5
Maternal average spending time of talking or playing with children (minutes per day)
 60 1520 94.5 1306 94.4 214 95.5 .474
< 60 88 5.5 78 5.6 10 4.5
Paternal average spending time of talking or playing with children (minutes per day)
 60 858 58.1 731 57.6 127 60.5 .442
< 60 620 41.9 537 42.4 83 39.5
Emotional/behavioral problems at preschool
Normal/borderline 1501 91.6 1301 92.3 200 87.3 .011
Abnormal 137 8.4 108 7.7 29 12.7
Strengths and Difficulties Questionnaire–Total Difficulties Score: normal/borderline: 0–15, abnormal: 16–40
https://doi.org/10.1371/journal.pone.0199959.t001
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categorized as regular users [230 (14.0%)], and non-users and users spending less than 60 min-
utes a day were categorized as non-regular users [1,412 (86.0%)]. On a typical day, regular
users used mobile devices for approximately 1 hour and 20 minutes on average. Children’s
average age was 6.88 years (SD = 0.35), and 51.2% were males (n = 841) and 48.8% females
(n = 801). The mean ages of mothers and fathers were 38.29 (SD = 4.63) and 40.32 (SD = 5.46)
years, respectively. The median annual household income was between 5 and 6 million JPY
per year. On average, mothers and fathers had completed comparable years of education,
14.10 (SD = 1.77) and 14.55 (SD = 2.26) years, respectively. On average, mothers and fathers
spent talking or playing with children for 230.41 (SD = 146.67) and 75.39 (SD = 77.54) minutes
on typical day, respectively. The proportions of abnormal (or clinical) emotional/behavioral
problems at preschool were 8.4% (n = 137).
A total of 61.3% of regular users were male, which was significantly higher than the proportion
of males in the non-regular user group. Regarding annual household income, the proportion of
lower-income families in the regular user group was significantly higher than in the non-regular
user group. Regarding parental education level, the proportion of lower-education mothers and
fathers in the regular user group was significantly higher than in the non-regular user group.
Regarding children’s emotional/behavioral problems at preschool, the proportion classified as
Abnormal in the regular user group was significantly higher than in the non-regular user group.
Mobile device use among regular users
Regular users’ mobile device use was examined in relation to types of mobile devices (Table 2) and
purpose of use (Table 3). Regarding mobile device types among regular users, 66.5% used their
own mobile devices (smartphone: 9.1%, tablet: 16.1%, portable game device: 54.8%), and 94.3%
used their parents’ mobile devices (smartphone: 74.3%, tablet: 46.5%, portable game device: 15.7%).
Regarding mobile device use among regular users (Table 3), the main reported purposes
were as follows; 77.8% reported viewing videos (YouTube, etc.); 71.7% playing games; 29.1%
taking and sharing pictures, figures, or photos; 18.3% learning/using applications related to
education; 17.8% talking with friends, family, others; 15.2% using internet/searching for infor-
mation; and 10.4% sending and receiving messages (e-mail, Line, etc.).
Association between mobile device use and child adjustment
The proportions of abnormal (or clinical) emotional/behavioral problems were as follows;
conduct problems (elevated score: 5–10): non-regular users n = 79 (5.6%), regular users n = 24
Table 2. Types of mobile devices (N = 230).
n %
Own mobile devices
Children using own mobile devices 153 66.5
Smartphone 21 9.1
Tablet 37 16.1
Portable game device (DS, PSP, etc.) 126 54.8
Other 19 8.3
Parents’ mobile devices
Children using parents’ mobile devices 217 94.3
Smartphone 171 74.3
Tablet 107 46.5
Portable game device (DS, PSP, etc.) 36 15.7
Other 72 33.2
https://doi.org/10.1371/journal.pone.0199959.t002
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(10.4%); hyperactivity/inattention (elevated score: 7–10): non-regular users n = 138 (9.8%),
regular users n = 38 (16.5%); emotional symptoms (elevated score: 5–10): non-regular users
n = 172 (12.2%), regular users n = 40 (17.4%); peer problems (elevated score: 5–10): non-regu-
lar users n = 115 (8.1%), regular users n = 26 (11.3%).
According to the logistic regression analysis, the crude OR for conduct problems relative to
non-regular users was 1.99 (95% CI [1.23–3.22], p = .005) for regular users (Crude model in
Table 4). The IPTW-OR for conduct problems was 1.77 (95% CI [1.03–3.04], p = .038) for reg-
ular users (IPTW model in Table 4).
The crude OR for hyperactivity/inattention relative to non-regular users was 1.85 (95% CI
[1.25–2.74], p = .002) for regular users (Crude model in Table 5). The IPTW-OR for hyperac-
tivity/inattention was 1.82 (95% CI [1.15–2.87], p = .009) for regular users (IPTW model in
Table 5).
The crude OR for emotional symptoms relative to non-regular users was 1.54 (95% CI
[1.06–2.24], p = .025) for regular users (Crude model in Table 6). The IPTW-OR for emotional
symptoms was 1.53 (95% CI [0.99–2.43], p = .057) for regular users (IPTW model in Table 6).
Regular and non-regular users showed no significant differences in terms of peer problems
(Crude model in Table 7). The IPTW-OR for peer problems was not significant for regular
users (IPTW model in Table 7).
In addition, we calculated the OR for emotional/behavioral problems based on whether
using media for educational purposes or not, by performing logistic regressions (see S3 Table,
S4 Table, S5 Table, and S6 Table). Among regular users (n = 230), users using media with edu-
cational content were 18.3% (n = 42), and users using media that did not have educational con-
tent were 81.7% (n = 188). Relative to non-regular use, regular use of mobile devices without
educational purpose was significantly linked to conduct problems (OR: 1.94, 95% CI [1.15–
3.28], p = .014) and hyperactivity/inattention (OR: 1.85, 95% CI [1.20–2.85], p = .005), even
after adjusting for covariates. Relative to non-regular use, regular use of mobile devices,
Table 3. Purpose of mobile device use (N = 230).
n %
Viewing videos (YouTube, etc.) 179 77.8
Playing games 165 71.7
Taking and sharing pictures, figures, or photos 67 29.1
Learning/using applications related to education 42 18.3
Talking with friends, family, others 41 17.8
Using internet/searching for information 35 15.2
Sending and receiving messages (e-mail, Line, etc.) 24 10.4
Checking and informing of location 8 3.5
Other 3 1.3
https://doi.org/10.1371/journal.pone.0199959.t003
Table 4. Association between mobile device use and conduct problems.
Crude model IPTW model
OR 95% CI p-value OR 95% CI p-value
Non-regular users Ref. Ref.
Regular users 1.99 1.23–3.22 .005 1.77 1.03–3.04 .038
Strengths and Difficulties Questionnaire–Conduct problems: normal/borderline: 0–4, abnormal: 5–10
IPTW = inverse probability of treatment weighted
https://doi.org/10.1371/journal.pone.0199959.t004
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including for educational purposes, was not significantly linked to any emotional/behavioral
problems. Therefore, routine frequent use of mobile devices in the absence of educational con-
tent appears to be related to behavioral problems in childhood.
Discussion
In the current study, we found that using mobile devices, such as smartphones and tablets, was
associated with a higher likelihood of behavior problems (i.e., conduct problems and hyperac-
tivity/inattention difficulties). Our analyses were conducted using the propensity score
approach. We found that routine and frequent use of mobile devices without educational con-
tent is likely to be related to behavioral problems in childhood. Several mechanisms are likely
to be involved in this relationship between mobile device use and the risk of emotional/behav-
ioral problems.
First, frequent mobile device use is likely to increase children’s social isolation, and hinder
opportunities for social interaction with family, friends, that benefits the development of social
competence, resulting in emotional/behavioral problems. Previous research on children’s
home computer use reported that more than half of the time children spend using computers
is spent alone [47]. In addition, a study reported that children and adolescents spend 7–8
hours a day using a variety of media including television, video games, and computers, which
is longer than they spend on any other activity [48]. Children can use mobile devices when
and where they wish, and in turn, the use may become routinized and associated with personal
space, which may further decrease children’s social interaction. Recently, children have had
unprecedented access to new media. Although in some cases new media can foster communi-
cation and the generation of electronic relationships, it is also possible that the development
and spread of new media devices may decrease children’s social interaction. Social interaction
throughout childhood, primarily face-to-face, is a core factor impacting on the development of
children’s social competence [49]. Especially, the development of social relationships with
peers at home, school, and other contexts is a major achievement in childhood, and these
interactions provide children with the foundation for social competence development
[49,50,51]. Social competence in childhood gradually stabilizes over time, and is predictive of
social adjustment and absence of psychopathology in later life [52,53,54,55]. Therefore, fre-
quent use of mobile devices as well as computers might exacerbate children’s social deficits.
However, research on the social effects of media technology use has produced mixed results
including advantages and disadvantages. Some research on computer use indicates that mod-
erate use does not significantly impact children’s social development or relationships with
peers and family [56,57]. Furthermore, one study found that frequent computer game users
interacted with peers outside school more often than did less frequent users [58]. In addition,
internet use has been found to contribute to social well-being though the expansion of social
networks [57]. Therefore, although the current study suggests that frequent mobile device use
of more than 60 minutes on a typical day was linked to emotional and behavioral problems in
Table 5. Association between mobile device use and hyperactivity/inattention.
Crude model IPTW model
OR 95% CI p-value OR 95% CI p-value
Non-regular users Ref. Ref.
Regular users 1.85 1.25–2.74 .002 1.82 1.15–2.87 .009
Strengths and Difficulties Questionnaire–Hyperactivity/inattention: normal/borderline: 0–6, abnormal: 7–10
IPTW = inverse probability of treatment weighted
https://doi.org/10.1371/journal.pone.0199959.t005
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first grade children, future studies should investigate in detail how much time is appropriate
for children to spend using mobile devices.
There is a possibility that not only the quantity of time using mobile devices, but also the
quality of use of mobile devices has influences on child development. In this study, we found
that frequent mobile device use was significantly associated with higher externalizing problems
(i.e., conduct problems and hyperactivity/inattention), but using mobile devices was not signif-
icantly associated with internalizing problems (i.e., emotional symptoms and peer problems).
Although many applications and games for mobile devices do include content that encourages
positive behaviors, such as cooperating and sharing, the content of numerous applications
involves competition with aggression and violence. Much of the violence in media is often pre-
sented in either a sanitized and glamorized fashion, or with humor. A recent analysis of popu-
lar computer games found that more than half of all games contained aggression or violence
[59,60]. Media which includes violent content is likely to be harmful for children’s develop-
ment. Many studies have shown that repeated exposure to media violence, including television
programs and films, increases children’s aggression and hostility [61,62]. In addition, several
studies have suggested that playing a violent game can also lead to increased aggressiveness
and hostility, and decreased social behavior [62]. Additionally, repeated exposure to media
violence is likely to lead to anxiety and fear, aggressive thoughts, and the acceptance of violence
as a primary means for solving conflict [63,64]. Thus, although the current study did not exam-
ine the content accessed by children with mobile devices, it is plausible that repeated exposure
to violence in media and games though mobile devices might have an impact, which may be
reflected in the association between frequent mobile device use and externalizing behavioral
problems. Future studies should investigate in detail how specific content may impact on chil-
dren using mobile devices.
Furthermore, in this study, we found that the proportion of frequent use of mobile devices
was higher for children with lower SES families. This result is consistent with previous studies
on other media use (e.g., television and videos) that lower SES children have the greatest
amount of media exposure [65]. There is a possibility that factors other than using mobile
devices may have influences on child development. Extensive literature has documented that
Table 6. Association between mobile device use and emotional symptoms.
Crude model IPTW model
OR 95% CI p-value OR 95% CI p-value
Non-regular users Ref. Ref.
Regular users 1.54 1.06–2.24 .025 1.53 0.99–2.43 .057
Strengths and Difficulties Questionnaire–Emotional symptoms: normal/borderline: 0–4, abnormal: 5–10
IPTW = inverse probability of treatment weighted
https://doi.org/10.1371/journal.pone.0199959.t006
Table 7. Association between mobile device use and peer problems.
Crude model IPTW model
OR 95% CI p-value OR 95% CI p-value
Non-regular users Ref. Ref.
Regular users 1.46 0.93–2.28 .103 1.24 0.71–2.17 .452
Strengths and Difficulties Questionnaire–Peer problems: normal/borderline: 0–4, abnormal: 5–10
IPTW = inverse probability of treatment weighted
https://doi.org/10.1371/journal.pone.0199959.t007
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socioeconomic disadvantage in childhood is related to both current and later impairment in
mental health [66,67]. There are likely to be several pathways mediating the association
between SES and child mental health. Many studies on the underlying psychological processes
of how SES affects development have focused on parenting practices and parental investment.
The first pathway is parenting practice. Lower SES families have more conflict and hostility,
and the tendency of lower SES parents to engage in harsher and less responsive interactions
with their children [68,69]. Studies on the family process model suggest that financial difficul-
ties affect children’s socio-emotional development through the psychological well-being of
parents and consequently their parenting strategies [70,71]. The second pathway is parental
investment. Children with lower SES have less cognitively stimulating environments, such as
fewer age-appropriate toys, fewer learning venues, and fewer educational materials [72]. Stud-
ies on the family investment model propose that families with higher SES are able to make sig-
nificant investments in the development of their children, whereas more disadvantaged
families must invest in more immediate family needs [73,74]. These investments involve sev-
eral different dimensions of family support, including availability of learning materials, paren-
tal stimulation of learning both directly and through support of advanced or specialized
training, the family’s standard of living, and residing in a location that fosters a child develop-
ment. Furthermore, children with lower socioeconomic backgrounds are at a greater risk of
higher chronic stress and higher risk of sleep problems, which negatively influences multiple
aspects of health and well-being in children. Disadvantaged children must contend with a
wide array of physical stressors and psychosocial stressors; as exposure to stressors accumu-
lates, the chronic cumulative stressors strain and eventually damage their biological and psy-
chological regulatory systems [75,76]. In addition, children in families with low SES have been
found to have sleep problems, such as shorter and poorer-quality sleep [77,78]. Sleep problems
are related to emotional and behavioral difficulties, possibly acting through hormonal, neuro-
nal and psychological pathways [79,80]. Lower economic resources may make it more chal-
lenging for families to maintain children’s sleep environments that are quiet, dark, and kept at
a comfortable temperature, and so children may experience greater difficulty falling asleep
[81]. Children living in economically disadvantaged environments may have compromised
sleep due to worries that prevents them from easily falling asleep. Economic disadvantage is
associated with high levels of family stress and numerous specific stressors, including exposure
to events that are unpredictable and uncontrollable, harsh discipline, and violence at home,
school, or neighborhood [82]. Associations between cognitive arousal at bedtime, including
worry, and sleep disturbance have been demonstrated in children. Sleep problems is a known
predictor of emotional and behavioral problems and it is plausible that sleep problems may act
as a mediator of the association between SES and poor health. Therefore, there is a possibility
that factors regarding SES are likely to have influenced child development. Future research
should incorporate data collection on such other potential factors.
In summary, the extent of the developmental effects of mobile device use is likely to depend
on the amount of time spent and the content viewed by children. Frequent mobile device use
is likely to increase children’s social isolation and hinder opportunities for social interaction,
both of which promote social development. In addition, repeated exposure to violence in
games and videos is likely to be harmful for child development. On the other hand, as men-
tioned earlier, media technology can also be beneficial to child development, for instance, by
enhancing cognitive skills and academic performance. Therefore, parents are recommended
to limit the amount of time that children spend using mobile devices, computers, and other
media technology, and increase the opportunities for face-to-face interactions and playing
with peers. In addition, parents are recommended to search for content that promotes building
vocabulary, mathematical and science concepts, etc. We should recognize both the positive
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effects and potential harmful risks of mobile device use, including the advantages and
disadvantages.
Limitations
Our study has several limitations. First, an important issue affecting the interpretation of our
data is the cross-sectional design. Although associations can be identified, causality cannot be
inferred. Perhaps routine frequent use of mobile devices exposure causes behavioral problems,
or perhaps children with behavioral problems are more attracted to routine frequent use of
mobile devices. As mentioned earlier, there is the possibility of bidirectional associations
between child social-emotional development and media use [32]. Indeed, more difficult chil-
dren are likely to be particularly vulnerable to higher levels of media exposure [33,34,35,36].
Thus, longitudinal designs are needed to examine the effects of mobile device use on the later
development and adjustment of children.
Second, there is a risk of selection bias. Although we used the IPTW approach, we could not
consider unobservable factors influencing children’s use of mobile devices. For instance, the use
of technology in different classrooms or schools might influence child technology-use behaviors.
In addition, as mentioned earlier, in lower SES families, children are at a greater risk of exposure
due to the lower quality of parenting style, lower investment, higher chronic stress, and higher
sleep problems, etc. which negatively influence child development [70,71,72,73,74,75,76,77,78].
Future research should incorporate data on these other potential factors.
Third, we could not confirm the context of individual mobile device use. Repeated exposure
to media violence is likely to increase children’s behavioral problems, such as aggression and
hostility [61,62]. Thus, future studies should investigate not only the amount of time spent
using mobile devices but also the context of use.
Finally, these findings may not be generalizable to all families, because there is a risk of attri-
tion bias, and the sample was drawn from a limited geographical area in an urban metropolis
of Japan. As mentioned earlier, the retention rate from the baseline survey to this survey was
approximately 50%, and the returning participants tended to be relatively higher in SES than
the non-returning participants. This indicates there is a risk of attrition bias. Therefore, there
is the possibility that our analyses could not adequately evaluate the outcomes of mobile device
use by children with lower SES, and our analyses may underestimate the influence of SES. The
reproducibility of the current results should be confirmed using data from other regions in a
variety of settings.
Conclusions
Despite the above-mentioned limitations, our findings suggest that there is a risk that chil-
dren’s routinized and frequent use of mobile devices is associated with emotional/behavioral
problems. Excessive use of mobile devices, including smartphones and tablets, might interfere
with children’s development in relation to social adjustment. Our findings suggest that pre-
venting an excessive use of mobile devices may reduce the likelihood of behavioral problems
in children. In this dynamic era of digital technology, both positive effects and potential harm-
ful risks of mobile device use need to be recognized. Further research on the amount of time
spent by children using these media and the viewed content is needed to help to maximize the
positive effects and minimize the negative effects of mobile device use in children’s lives.
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